Dendritic spines form typical excitatory synapses in the brain and their shapes vary depending on synaptic inputs. It has been suggested that the morphological changes of dendritic spines play an important role in synaptic plasticity. Dendritic spines contain a high concentration of actin, which has a central role in supporting cell motility, and polymerization of actin filaments (F-actin) is most likely involved in spine shape changes. Drebrin is an actin-binding protein that forms stable F-actin and is highly accumulated within dendritic spines. Drebrin has two isoforms, embryonic-type drebrin E and adult-type drebrin A, that change during development from E to A. Inhibition of drebrin A expression results in a delay of synapse formation and inhibition of postsynaptic protein accumulation, suggesting that drebrin A has an important role in spine maturation. In mature synapses, glutamate stimulation induces rapid spine-head enlargement during long-term potentiation (LTP) formation. LTP stimulation induces Ca 2+ entry through N-methyl-D-aspartate (NMDA) receptors, which causes drebrin exodus from dendritic spines. Once drebrin exits from dendritic spine heads, the dynamic actin pool increases in spine heads to facilitate F-actin polymerization.
Typical excitatory presynaptic terminals are formed on dendritic spines of neurons in the brain (Harris and Kater 1994) , where they change their shape in response to synaptic input. The balance among various shapes is believed to closely correlate with learning and memory (Dailey and Smith 1996; Desmond and Levy 1983) .
Dendritic spines contain a high concentration of actin (Matus et al. 1982) , which plays a central role in supporting cell motility. As such, it has been suggested that the changing shape of synapses, which plays a pivotal role for synaptic plasticity, is governed by actin in dendritic spines. Using hippocampal neurons expressing actin labeled with green fluorescent protein (GFP), Fischer et al. showed that the shape change of dendritic spines, also known as "spine motility", was completely inhibited in neurons treated with actin depolymerizing reagents (Fischer et al. 1998) . Polymerized actin filaments (F-actin) provide the force necessary for changes in cell shape, such as the formation of cellular protrusions. In this regard, polymerization of Factin within the spine head is most likely involved in spine shape changes; although, how F-actin polymerization is regulated has not been elucidated.
Drebrin, an actin-binding protein that forms stable F-actin, is highly accumulated within dendritic spines. Drebrin is thought to be comparable with tropomyosin, which is known to determine properties of Factin in muscles. Both drebrin and tropomyosin inhibit actin-activated ATPase activity of myosin II (Hayashi et al. 1996; Ishikawa 2016; Yamaguchi et al. 1984) . Although there is no structural homology, both bind to the side of F-actin and make F-actin straight (Ishikawa et al. 1994) . Furthermore, both show binding polymorphism to F-actin (Grintsevich et al. 2010; Xu et al. 1999) . On the other hand, the N-terminal region of drebrin is structurally homologous to the actin depolymerizing factor (ADF)/cofilin (Poukkula et al. 2011) . While ADF/cofilin regulates actin dynamics by promoting actin treadmilling (Kanellos and Frame 2016) , drebrin negatively regulates actin dynamics by reducing actin treadmilling (Mizui et al. 2009 ). Indeed, many studies have shown that drebrin plays pivotal roles in spine formation and synaptic plasticity (Aoki et al. 2005; Mizui et al. 2014; Sekino et al. 2006; Takahashi et al. 2006; Takahashi et al. 2003) . Here, we introduce a role for drebrin in structure-based plasticity of synapses through actinlinked control of actomyosin interactions in dendritic spines. For the interaction of drebrin and microtubules, see the review by Gordon-Weeks (Gordon-Weeks 2016).
Actin cytoskeletons in dendritic spines
2.1. Dynamic and stable actin filaments in dendritic spines F-actin within dendritic spines appears to be stable over many hours and exhibits marked resistance to actin-depolymerizing reagents such as cytochalasin D (Allison et al. 1998) , which implies that F-actins in spines are extremely stable and fulfill a purely structural role. In contrast, individual spines undergo shape changes within a matter of seconds or minutes (Fischer et al. 1998; Maletic-Savatic et al. 1999 ). Halpain suggested that dynamic and stable configurations of F-actin underlie spine shape regulation (Halpain 2000) . She suggested that each spine head possesses two pools of F-actin under normal circumstances: a 'core' of stable F-actin forming the structural foundation of the spine head and peripheral dynamic F-actin, which is readily accessible for spine shape changes.
The presence of dynamic and stable F-actin in dendritic spines was shown using photoactivatable GFP (PAGFP)-actin (Honkura et al. 2008) . By observing the treadmilling of F-actin, they found activated PAGFP-actin reached the end of the filament, depolymerized, and then diffused away. The fluorescence from activated molecules decayed in two phases with time-constants of 40 s and 17 min, indicating two distinct F-actin pools within the spine: a dynamic pool with a fast treadmilling rate and a stable pool exhibiting a much slower treadmilling rate. While dynamic F-actin is observed within the spine tip, the stable pool is largely restricted to the base core of the spine head. Treadmilling of dynamic F-actin was observed from the apex to the base, but activated PAGFP-actin did not flow into the stable F-actin pool. These suggest that the two F-actin pools are differentially regulated (Fig. 1) . Furthermore, it has been recently shown that dynamic Factin plays a pivotal role in AMPA receptor trafficking (Glebov et al. 2015; Gu et al. 2010 ).
Model of spontaneous spine motility at resting state
It has been reported that the average size of dendritic spines remains unchanged without any extrinsic stimulation (Yasumatsu et al. 2008) . To establish how stable and dynamic F-actin contribute to morphological changes of spines without any extrinsic stimulation, we applied the mathematical model for lamellipodium protrusion proposed by Zimmermann and Falcke to dendritic spines. Their results suggested that the formation of protrusions is a consequence of dynamics downstream of nucleation-promoting factors (NPFs), as this signaling sets the dynamic regime, but does not initiate formation of individual protrusions (Zimmermann and Falcke 2014) . The lamellipodium protrusion model consists of an actin gel in the body and a highly dynamic actin pool at the leading edge, called the semiflexible region (SR). Activation of NPFs leads to activation of the actin-related-protein-complex 2/3 (Arp2/3), which initiates growth of a new filament branch from an existing filament in the SR to push the lamellipodial membrane forward. According to this model, lamellipodia spontaneously form without any extrinsic stimulation. Individual lamellipodium form as the result of random filament nucleation events and are amplified by autocatalytic branching (Fig. 1A) . On the other hand, when dendritic spines are stimulated by synaptic input, N-WASP activates Arp2/3 (Wegner et al. 2008) resulting in the change of the spine size.
By applying the lamellipodium protrusion model to dendritic spines, spontaneous rapid spine motility (periodic lamellipodium formation) may be determined by stochastic autocatalytic branching of F-actin within the dynamic pool (Fig. 1B) . The stable F-actin core provides a stiff substrate for F-actin in the lamellipodium to push back against and extend the plasma membrane, similar to the mechanism described for migrating cells (Burnette et al. 2011 ).
3. Drebrin forms stable F-actin in dendritic spines 3.1. Drebrin as an actin-binding protein Drebrin was first identified as a developmentally regulated brain protein using two-dimensional gel electrophoresis analysis of developing chick optic tectum (Shirao and Obata 1985) . While drebrin is widely expressed throughout the chick embryo, high drebrin expression is mostly limited to neural tissues in adults (Shirao and Obata 1986) . Furthermore, immunoelectron microscopy has revealed that drebrin is specifically enriched in dendritic spines (Shirao et al. 1987) . Currently, there are two known drebrin isoforms in mammals, drebrin E (embryonic isoform) and drebrin A (adult isoform) (Kojima et al. 1988; Shirao et al. 1989) . Notably, drebrin A is restricted to neural tissues, while drebrin E is found throughout various tissues. The first indication of the actin-binding ability of drebrin E was reported in 1994 (Ishikawa et al. 1994) . We showed that drebrin E competes with tropomyosin, fascin and α-actinin for binding to F-actin. More than ten years later, the specific actin-binding property of drebrin A was also revealed (Ishikawa et al. 2007) .
Each actin filament consists of a double helix of actin protomers decorated with binding proteins. Changes in the helical pitch of filaments results in modification of the relationships between F-actin and other actin-binding proteins (Sharma et al. 2012) . The function of drebrin in neurons is thought to be comparable with tropomyosin, which determines the property of F-actin in muscles, as both bind to the side of Factin with similar actin-binding activity. Drebrin binds to F-actin with a stoichiometry of 1:5 (drebrin:actin protomer) and dissociation con- Ishikawa et al. 1994) , while tropomyosin binds with a stoichiometry of 1:7 (tropomyosin:actin protomer) and K d of 2.2 × 10 − 7 M (Yamashiro-Matsumura and Matsumura 1988).
However, recent atomic force microscopy analysis has revealed significant differences between drebrin and tropomyosin binding of F-actin in helical structures. Tropomyosin as well as other actin-binding proteins forms a helix with a pitch of 36 nm, which is similar to the pitch of a bare double helix of actin protomers. In contrast, drebrin forms a helix with a 40-nm pitch of F-actin (Sharma et al. 2011) . This difference may make it possible for drebrin-decorated F-actin and other F-actin to respond differently to the same signals in dendritic spines. In fact, we previously reported that drebrin forms stable F-actin that is resistant to cytochalasin D (Asada et al. 1994; Takahashi et al. 2009 ). Mikati et al. (Mikati et al. 2013) recently reported that drebrin significantly decreases the rate of F-actin depolymerization. Uncapped F-actin reaches 88% inhibition at full saturation; whereas, 50% inhibition is achieved at a low binding density (b18%) of drebrin. Drebrin causes stronger inhibition of barbed-end depolymerization than pointed-end depolymerization at the same binding density. Even in the presence of latrunculin A, a G-actin-sequestering agent, drebrin inhibits full F-actin depolymerization. Furthermore, differential scanning calorimetry showed that the T m of F-actin increased by 0.5°C in the presence of saturating amounts of drebrin. Thus, it was concluded that drebrin forms stable F-actin.
3.2. Analogy of drebrin-decorated F-actin localization in axonal growth cones and dendritic spines
As previously described, drebrin isoforms change during development from drebrin E to drebrin A. In the early stage of neuronal development, drebrin E exists in neuronal growth cones, where it plays a role in neurite outgrowth and axonal elongation. In the neuronal growth cones, drebrin localizes in transitional zone between the Factin-rich region and the microtubule-rich region (Geraldo et al. 2008; Mizui et al. 2009; Toda et al. 1999) , and promotes the formation of axonal filopodia and collateral branches (Ketschek et al. 2016 ) through the interaction between microtubule-binding protein EB3 and drebrin (Geraldo et al. 2008) . As neurons mature, drebrin E disappears and drebrin A emerges instead.
Although dendritic spines are too small to directly observe the two F-actin pools, we could observe fast and slow treadmilling of F-actin within a single neuronal growth cone. With regard to the absence of drebrin, F-actin in the lamellipodia at the periphery of the growth cone is similar to peripheral F-actin in dendritic spines. F-actin treadmilling occurs at a rate of approximately 4 μm/min (Medeiros et al. 2006 ). In the so-called "actin arc" at the base of lamellipodia, Factin contains drebrin, which flows transversely rather than longitudinally (Mizui et al. 2009 ). Flow of drebrin-decorated F-actin within the actin arc occurs more slowly (approximately 1 μm/min) (Medeiros et al. 2006; Mizui et al. 2009 ).
Super resolution microscopy ( Fig. 2 ) and electron microscopy (Aoki et al. 2005 ) studies have shown drebrin preferentially localizes to the center of dendritic spines, indicating that drebrin-decorated F-actin in the spine core likely exhibits slower treadmilling than peripheral Factin, which does not bind drebrin. In addition, drebrin-decorated Factin is resistant to cytochalasin D (Asada et al. 1994; Takahashi et al. 2009 ). Collectively, this indicates that the drebrin-decorated F-actin in the spine core corresponds to a stable F-actin pool in the actin arc and that drebrin-free F-actin in the spine periphery corresponds to a dynamic F-actin pool in lamellipodia. Thus, axonal growth cones might be useful for studying the cytoskeleton in dendritic spines.
Role of drebrin A during spine maturation
During development, drebrin A expression in the brain parallels synapse formation. Electron microscopic analysis of developing rat brain has demonstrated that drebrin A arrives at dendritic membranes at initial contact sites between axons and dendrites (Aoki et al. 2005) . Furthermore, using primary hippocampal cultured neurons, we have shown that inhibition of drebrin A expression results in a delay of synapse formation and inhibition of postsynaptic protein accumulation, including postsynaptic density protein 95 (PSD-95), calmodulin-dependent protein kinase II (CaMKII), spikar and glutamate receptors (Aoki et al. 2009; Takahashi et al. 2003; Yamazaki et al. 2014 ). In contrast, overexpression of drebrin A induces spine elongation in mature neurons and abnormal filopodia morphology in immature neurons (Hayashi and Shirao 1999; Mizui et al. 2005) . Exogenous drebrin A accumulates within abnormal filopodia structure, so-called "megapodia", where F-actin and PSD-95 also accumulate in correlation with the amount of drebrin.
We have further shown that synaptic activity governs drebrin A accumulation at postsynaptic sites (Takahashi et al. 2009 ). We analyzed drebrin dynamics within individual spines using a fluorescence recovery after photobleaching (FRAP) technique and found that α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor activity promotes drebrin A stabilization. This suggests that AMPA receptors regulate the appearance of drebrin A-decorated F-actin complexes at postsynaptic sites and the resultant complex may function as a platform for molecular assembly of other postsynaptic proteins, such as PSD-95, CaMKII, spikar and glutamate receptors.
How is drebrin A accumulated in postsynaptic sites? Drebrin A specifically localizes at dendritic spines, while drebrin E tends to be distributed diffusely within a neuron, such as cell body and leading processes of migrating neurons. This fact indicates the presence of drebrin A-specific regulatory mechanism for drebrin accumulation. It is known that drebrin A contains neuron-specific sequence (Ins2) in the middle of the molecule (Kojima et al. 1993) . Thus drebrin A accumulation in postsynaptic sites may depend on the insertion of Ins2 sequence which drebrin E does not have. It is of interest to uncover the role of Ins2 in near future.
Drebrin in synaptic plasticity

Relationship between spine head size and F-actin/drebrin content
In spite of rapid spontaneous motility, dendritic spine sizes remain constant during the resting state (Yasumatsu et al. 2008; Kasai et al. 2003) , indicating spontaneous spine motility does not contribute to the enlargement of spine head size. In contrast, larger spines have been reported to contain a larger proportion of stable F-actin (Kasai et al. 2003) . In addition, drebrin content within the spine head correlates with spine head size (Kobayashi et al. 2007 ). Therefore, the content of the stable F-actin pool appears to determine spine head size during the resting state (Fig. 1B) .
Glutamate stimulation has been reported to induce rapid spine-head enlargement during long-term potentiation (LTP) formation (Matsuzaki et al. 2004 ). Additionally, experiments measuring fluorescence resonance energy transfer (FRET) between actin monomers have demonstrated that, in concurrence with enlargement, actin polymerization is facilitated within the spine head (Okamoto et al. 2004) . Collectively, these results indicate that LTP stimulation induces an increase of F-actin, which results in enlargement of the spine head (Fig. 3) .
How are such increases of F-actin regulated? To answer this question, we must consider two rules regarding increased F-actin. First, the final content of F-actin is determined by the total amount of actin molecules (Korn et al. 1987) . Second, actual increases of the rate of F-actin polymerization parallel the number of uncapped barbed (elongating) ends of polymerizing F-actin. As previously mentioned, dynamic and stable actin pools exist within dendritic spines. While the stable actin pool consists of drebrin-decorated F-actin, which less contributes to the total amount of available actin molecules because its polymerization and depolymerization is relatively suppressed, the dynamic actin pool is thought to play a pivotal role in the rapid increase of F-actin polymerization. Thus, the disappearance of drebrin-decorated F-actin is necessary for compliance with the first rule.
We have shown that glutamate stimulation induces rapid disappearance of stable core F-actin from spine heads (Figs. 3 and 4) Sekino et al. 2006) . The exodus of stable core F-actin causes monomeric actin to immediately refill the dendritic spine, possibly by diffusion, which results in the formation of a new dynamic F-actin pool. In the dynamic pool, uncapped barbed ends of polymerizing F-actin are increased, as is the total content of actin molecules available for Factin polymerization (Fukazawa et al. 2003) . In dendritic spines, Arp2/ 3-mediated actin nucleation forms new barbed ends at fixed angles to the mother filament, creating a branched actin network. This process is important for compliance with the second rule of increased F-actin.
As the Arp2/3-mediated actin nucleation is commonly found in protrusive regions of cells, this suggests that the enlargement force of dendritic spines acts against environmental pressure within the brain. Although, several studies have suggested that LTD stimulation downregulates Arp2/3-mediated actin nucleation (Hering and Sheng 2003; Rocca et al. 2013) , it is unknown whether or not LTP stimulation activates Arp2/3.
Actin-myosin interaction model of LTP formation
What mechanisms underlie increased F-actin content within spine heads? Myosin II activity is necessary for LTP formation (Rex et al. 2010) and, similarly, for drebrin exodus from dendritic spines . Myosin II ATPase activity is not activated during the resting state, possibly because actin-binding proteins, such as tropomyosin and drebrin, inhibit myosin II from binding to F-actin (Hayashi et al. 1996) . In mammalian skeletal muscles, elevation of intracellular Ca 2+ disinhibits the inhibition of actin-myosin II interactions, which subsequently activates myosin II ATPase. This mechanism is also applicable to dendritic spines. LTP stimulation induces Ca 2+ entry through NMDA receptors, resulting in release of the inhibition of actin-myosin II interactions, which activates myosin II ATPase activity. Consequently, stable F-actin core disappears from dendritic spines. Interestingly, the drebrin exodus is specifically induced by Ca 2+ influx through NMDA receptors, but not through voltage-sensitive calcium channels , indicating that the myosin-II-dependent drebrin exodus is closely related to synaptic plasticity. How does myosin II ATPase activation induce the disappearance of stable core F-actin? Myosin II ATPase activation has been known to destabilize F-actin network (Haviv et al. 2008) . It has been recently reported that in disordered nonsarcomeric actomyosin networks, actomyosin interactions results in both tension and compression. Consequently compressive stresses are relieved through F-actin severing (Murrell and Gardel 2012) . Additionally, the importance of myosin II as an enzyme for actin network disassembly has been shown in vivo (Wilson et al. 2010) . Therefore, stable F-actin within the core may be severed by myosin II activation, leading to breakup of the F-actin complex in the core. Consequently, severed short F-actin in the core spread out evenly into the dendritic shaft, resulting in the disappearance of the stable F-actin complex and appearance of a new dynamic actin pool within the spine head, in which F-actin polymerization is highly facilitated.
What factors are necessary for maintenance of an enlarged spine head after LTP formation?
We previously showed reformation of drebrin-decorated F-actin complexes in enlarged dendritic spines . How are these stable F-actin complexes reformed? Up to now, there has been no direct evidence describing this phenomenon; however, extrinsically expressed drebrin has been shown to spontaneously accumulate within the spines of cultured neurons (Hayashi and Shirao 1999) , suggesting the presence of a constitutive accumulation mechanism of drebrin-decorated F-actin. Insertion of AMPA receptors occurs as a result of NMDA receptor activation and Ca 2+ influx during LTP formation. We have previously shown that AMPA receptor activity is involved in the accumulation of drebrin-decorated F-actin at the postsynaptic site during development (Takahashi et al. 2009 ). In addition, the amount of drebrin-decorated F-actin in resting dendritic spines depends on intracellular Ca 2+ concentration. In contrast to the mechanism of drebrin exodus, constitutive accumulation of drebrin-decorated F-actin is modified by Ca 2+ entry through both NMDA receptors and voltage-dependent Ca 2+ channels. Therefore, the presence of an AMPA-receptormediated, Ca
2+
-dependent, constitutive accumulation mechanism of drebrin-decorated F-actin is hypothesized.
Drebrin isoform conversion is important for LTP formation
It is well documented that isoform conversion from drebrin E to drebrin A occurs during synapse maturation and, further, that drebrin A plays an important role in spine morphogenesis and plasticity. For example, we have previously reported that drebrin A is required for homeostatic synaptic plasticity of NMDA receptors (Aoki et al. 2009 ) and context-dependent fear learning (Kojima et al. 2010 ). In addition, down regulation of drebrin A in vivo causes behaviors related to schizophrenia (Kobayashi et al. 2004) . Also the postmortem frontal cortex from schizophrenia patients shows reduced drebrin level (Rao et al. 2013 ). These suggest that drebrin A plays a role in cognitive function and social recognition. However, whether drebrin A plays a specific role in plasticity or if drebrin E can replace drebrin A was uncertain. To resolve this question, we analyzed drebrin A-knockout (DAKO) mutant mice in which isoform conversion is disrupted. While drebrin A is specifically knocked-out in these animals, drebrin E continues to be expressed throughout life (Kojima et al. 2010) . As a result, DAKO mice show impairment of hippocampal LTP and fear learning in an age-dependent manner (Kojima et al. 2016 ). These results demonstrate distinct roles for drebrin A and drebrin E in brain function, and that isoform conversion is critical for LTP formation. Thus, drebrin A is indispensable for normal synaptic plasticity. Moreover, our study using DAKO mice clearly demonstrated that deficits in LTP formation lead to impairment of adult hippocampus-dependent fear memory. Myosin II activation results in the exodus of drebrin and severing of F-actin. Short F-actins spread out and, as a result, stable F-actin complexes disappear. Subsequently, a new dynamic actin pool appears whereby F-actin polymerization is highly facilitated within the spine head, which enlarges this structure. The enlarged spine head is maintained by reentry of drebrindecorated F-actin into the spine head.
Induction of LTP remarkably increased polymerization of dynamic Factin; whereas, maintenance of LTP requires stabilization of polymerized F-actin. LTP, which is induced by NMDA receptors, is associated with long-lasting insertion of AMPA receptors in the postsynaptic membrane. As previously described, this insertion facilitates the formation of drebrin A-decorated stable F-actin. Although the F-actin-binding ability of drebrin E and drebrin A are comparable in vitro (Ishikawa et al. 2007) , drebrin E does not bind to F-actin as strongly as drebrin A in vivo (Aoki et al. 2005; Kojima et al. 2010 ). Thus, stable drebrin A-decorated F-actin may be crucial for hippocampal plasticity.
Conclusions
In this review, we discussed a role for drebrin in structure-based plasticity. First, we introduced the presence of two distinct pools of actin filaments; second, we described several lines of evidence that demonstrate drebrin forms stable actin filaments. Finally, the role of drebrin in synaptic plasticity was described in the context of LTP formation and maintenance.
While it is generally believed that the actin cytoskeleton plays a pivotal role in morphological synaptic plasticity, regulatory mechanisms for the actin cytoskeleton in dendritic spines has not been fully elucidated. Differential localization of dynamic and stable F-actin pools in dendritic spines has been proposed for many years, and we now know that drebrin-decorated stable F-actin with a slow treadmilling rate is localized to the core of dendritic spines, while dynamic actin with a rapid treadmilling rate is located in the periphery. Stability of drebrin A-decorated F-actin might be enhanced by bundle formation regulated by phosphorylation of serine 142 of drebrin (Worth et al. 2013) . By applying the lamellipodium protrusion model developed by Zimmermann and Falcke (2014) to spontaneous spine motility without any extrinsic stimulation, we propose a stochastic autocatalytic branching model of F-actin in the dynamic pool (Fig. 1) , which does not induce volume changes within the spine head.
In contrast, LTP stimulation induces myosin-II dependent enlargement of spine heads. Ca 2+ influx through NMDA receptors activates myosin II, resulting in the disappearance of stable F-actin in dendritic spines and an increase of dynamic F-actin. This leads to an increased amount of polymerizing F-actin and enlargement of the spine head. Finally, drebrin A-decorated F-actin is accumulated in the dendritic spines, and maintains the enlarged spine in conjunction with the microtubule entry into dendritic spines through drebrin-EB3 interaction Quantitative analysis of drebrin and synapsin I cluster density. Note that glutamate significantly reduced drebrin cluster density but not synapsin I cluster density. (Merriam et al. 2013) . These ideas are consistent with our recent finding that synaptic plasticity is impaired in DAKO mice (Kojima et al. 2016) . While the mechanism underlying Ca 2+ influx-mediated activation of myosin II in dendritic spines is not fully understood, it seems likely that drebrin inhibits actin-myosin interactions during the resting state and an influx of Ca 2+ binding to an unknown Ca 2+ -sensor protein disinhibits the inhibition of drebrin on actin-myosin II interaction, resulting in activation of myosin II. Thus, identification of the Ca 2+ -sensor protein is necessary for elucidating regulatory mechanisms of the actin cytoskeleton in LTP phenomena.
In vitro and in vivo animal studies, as well as human clinical evidence, have demonstrated that decreased drebrin expression induces cognitive decline. For example, drebrin disappears from dendritic spines even though synapses still remain in the brain of Alzheimer's disease patients exhibiting dementia (Harigaya et al. 1996) . Counts et al. reported that patients showing even mild cognitive impairment demonstrate low drebrin levels in the context of preserved presynaptic protein levels (Counts et al. 2012; Counts et al. 2006) . Moreover, decreased drebrin has been observed in relation to cognitive impairment associated with normal aging (Hatanpää et al. 1999) . As the loss of drebrin A confers a loss of drebrin A-decorated stable F-actin, we suggest that the balance between stability and reactivity of synapses is disrupted in dementia.
